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rtpn MrvzTWTg 9-p ncTTTOM MODIFIED 
M-trPTYT .MF.tTRAMTNT C &<~TD SUBF™^^ METHODS 
pre nT&r,MOSTNG WTTM&W TNFLTTFNZA TH EREWITH, 

Technical Field 

The present invention relates to reagents and 
assays for diagnosing human influenza. More specifically 
it relates to novel chromogenic 9-position modified 
N-acetylneuraminic acid substrates that are useful in the 
diagnosis of influenza through the detection of the 
enzymatic activity of human influenza neuraminidase (NA) . 



a.^Vr p-rmnd of Tnvention 

Influenza virus averages 30-50 million infec- 
tions annually in the United States alone. Epidemiologic 
studies of influenza epidemics estimate the incidence of 
infection to be 25% in the general population and higher 
in school age children. Researchers have estimated that 
up to half the infected persons would see a physician 
because of the illness. In 1986, the Center for Disease 
Control (CDC) estimated that influenza epidemics have 
been associated with 10,000 or more excess deaths in 18 
of the preceding 28 years. CDC studies indicate 
influenza as the fifth leading cause of death in the 
United States. Antigenic variations in the surface 
glycoproteins of influenza A and B account for their 

continued epidemics. 

influenza viruses possess surface glycoproteins 
that have NA activity. These glycoproteins are members 
of a family of neuraminidases that are found in viruses, 
35 bacteria, mycoplasmas, and animal tissues. They 
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hydrolyze substrates that contain alpha-ketosidically 
linked N-acetylneuraminic acid (Neu5Ac; previously 
referred to as "NANA") . In viruses, NA typically 
constitutes 5-10% of the viral protein and exists as a 
5 mushroom-shaped spike on the envelope. Viral NA is 
composed of a hydrophilic area which includes the 
catalytic site of the enzyme and a hydrophobic area that 
is inserted into the viral envelope anchoring the enzyme 
to the virus. 

L0 Various assays for NA activity are described in 

the literature. Santer, U.V., et al. , Biochimica et 
Biophysica Acta 523:435-442 (1978), describes a 
colorimetric assay for NA using 

2-(3-methoxyphenyl)-N-acetyl-alpha-D neuraminic acid as a 
15 substrate and 4-aminoantipyrine in the presence of an 
oxidizing agent to measure the enzymatically released 
methoxyphenol. Myers, R.W., et al. , Analytical 
Biochemistry 101:166-174 (1980), describes the use of the 
4-methylumbelliferyl-alpha-ketoside of NeuSAc in a 
20 fluorometric assay for NA. This chromogenic derivative 
of Neu5Ac was also used in studies of the NA activity of 
influenza viruses by Yolken, R.H. , et al. , J. Infectious 
Diseases 142:5116-523 (1980); Clinical Chemistry 
27:1490-1498 (1981); and Reviews of Infectious Diseases 
25 4:35-68 (1982); and by Kiyotani et al. , Hiroshima J. 
Medical Sciences 33:287-292 (1984); Zbl Bakt Hyg 
A260-273-285 (1985); Microbiol. Immun. 31:1131-1135 
(1987). Despite the availability of these prior NA as- 
says, however, physicians currently still diagnose 
3 0 influenza solely on the basis of symptomology . This is 
in part due to the fact that these prior assays were 
complicated and/ or required equipment not typically found 
in a clinical setting. Another shortcoming of these 
prior assays is that they were unable to discriminate 
35 between influenza type. That ability is particularly 
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important to enable physicians to prescribe the 
appropriate chemotherapy and/ or supportive therapy ro 

combat the infection. 

Prior workers have investigated the effect of 
certain chemical modifications of NeuSAc at the 4- ani 
9- P ositions on the function of the molecule, as a 
substrate for non-influenza NA. Gross, H.J., et al. , 
Biochemistry 27:4279 (1988), examined 
benzyl-alpha-glycosides of N-acetyl-4-epi-D-neuraminic 
acid as a substrate for three different bacterial NAs (£i 
gerfringens, A, ureafaciens, and V. cholera) and found 
significant differences in reactivity. After 22 hours 
the C. p^frinaens NA cleaved 100% of the substrate while 
the Aj. ureafaciens and V, ShelM™ NAs cleaved only 50% 
and 11% of the substrate, respectively. Kim et al. , J- 
A*, chem. Soc. 110:6481-6486, described the structural 
characteristics of substrates accepted by NeuSAc 
aldolase, its use in the synthesis of NeuSAc, and its 
chemical conversion to the 2-decxy derivatives, and 
additionally reported that work was in progress to 
determine the biological activity of the 2-deoxy 
derivatives. Brossmer et al., Helv. Chim. Acta 69:2127 
(1986); Glycoconjugates 4:145 (1987), reported that the 
methyl-alpha-glycoside of 4-deoxy NeuSAc was a good 
substrate for fowl plague viral NeuSAc, but not for the 
three bacterial NAs mentioned above. Additionally, 
Schauer, R. , et al., Eur. J. Biochem. 106:531 (1980), 
reported that 4-methoxy NeuSAc was an excellent substrate 
for fowl plague viral NA but not for L cholera NA. The 
4-methylumbelliferyl derivative of 4-deoxy NeuSAc is also 
described in the literature (Helv. Chim. Acta. 69:1927 
(198 6)). Zbiral et al. , Monatsheft fur Chemie 119:127- 
141 (1988) described the synthesis of 7- and 8-deoxy, and 
4,7-dideoxy NeuSAc. Zbiral et al. , Liebigs Ann Chem, 
519-526, described the synthesis of the 4- 
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methylumbelliferyl-2-a glycosides of 7-epi, 8-epi, 7,8- 
bis-epi, 8-deoxy, 9-deoxy, and 4,7-dideoxy Neu5Ac and 
investigated the behavior of those compounds as 
inhibitors of the sialidase for V. cholera . Gross, H.J., 
5 et al., Eur. J. Biochemistry 106:531 (1987), refers to 
the 9-azido and 9-fluoro analogs of NeuSAc and the 7-epi 
and 7,8-bis-epi analogs of Neu5Ac. 

Disclosure of the Invention 
10 One aspect of the invention is a method of 

detecting human influenza neuraminidase activity in a 
clinical sample suspected of having such activity 
comprising: 

(a) incubating the sample with a chromogenic 
15 modified N-acetylneuraminic acid substrate of the 
formula: 



1 



20 




25 where Ac represents acetyl, R represents hydrogen, 

fluorine, hydroxy imino , azido or cyano, and X represents 
a chromogenic group that exhibits distinct color when 
cleaved from the substrate or a salt of said substrate; 
and 

3 0 (b) detecting neuraminidase activity by 

observing whether the sample-substrate mixture exhibits 
said color after step (a) . 

Another aspect of the invention is a method of 
selectively detecting a specific type (e.g., A or B) of 

35 human influenza neuraminidase activity in a clinical 
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sample suspected of having human influenza neuraminidase 
activity from activity exhibited by other types of human 
influenza neuraminidase comprising: 

(a) incubating the sample with a chromogenic 
modified N-acetylneuraminic acid substrate of the 
formula: 



30 




where Ac represents acetyl, R represents hydrogen, 
fluorine, hydroxyimino , azido or cyano, and X represents 
a chromogenic group that exhibits distinct color when 
cleaved from the substrate or a salt of said substrate; 

(b) observing the color exhibited by the 
sample-substrate mixture after step (a) ; and 

(c) comparing said color to colors exhibited 
by activity standards of human influenza neuraminidase of 

25 said specific type and other types of human influenza 
neuraminidase on said substrate. 

yet another aspect of the invention is a 
modified Neu5Ac chromogenic substrate useful for 
detecting human influenza neuraminidase activity in a 
clinical sample suspected of having such activity, said 
substrate having the formula: 



35 



BNSDOCID: <WO 9110744*1 J_> 



WO 91/10744 



PCT/US90/07679 



1 



5 




10 where Ac represents acetyl, R represents fluorine, 

hydroxy imino , azido or cyano, and X is a chromogenic 
group that exhibits a distinct color when cleaved from 
the substrate and salts of said substrate. 

Still another aspect of the invention is a 

15 modified Neu5Ac chromogenic substrate useful for 

detecting human influenza neuraminidase activity in a 
clinical sample suspected of having such activity, said 
substrate having the formula: 




5 OH 3 



where Ac represents acetyl, R represents hydrogen, and X 
is a chromogenic group selected from the group consisting 
of 3-cyanoumbellif eryl, 2-nitrophenyl, 4-nitrophenyl, 3- 
r es oruf in , 5 -bromo-4 -chlor o- 3 - indoly 1 , 4 - 
35 nitrophenylazoresorcinyl , 4-nitrophenylazophenyl , 3- 
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resorufin, 5-bromo-4-chloro-3-indolyl, 4- 
nitrophenylazoresorcinyl, 4-nitrophenylazophenyl , 3- 
methoxyphenyl, 3-dimethylaminophenyl, 4-chloro-i-naphthyl 
and 6-bromo-2-naphthyl. 

R-rief Descriptio n of the nrawinas 
In the drawings: 

Figure 1 is a schematic diagram depicting the 
synthesis procedure described in Example 1. 

Figure 2 is a schematic diagram depicting the 
synthesis procedure described in Example 2. 

Figure 3 is a schematic diagram depicting the 
synthesis procedure described in Example 3. 

Figure 4 is a schematic diagram depicting the 
15 synthesis procedure described in Example 4. 

Figure 5 is a schematic diagram depicting the 
synthesis procedure described in Example 5. 

Figure 6 is a schematic diagram depicting the 
synthesis procedure described in Example 6. 
20 " Figure 7 is a schematic diagram depicting the 

synthesis procedure described in Example 7. 

Figure 8 is a schematic diagram depicting the 
synthesis procedure described in Example 8. 

Figure 9 is a schematic diagram depicting the 
25 synthesis procedure described in Example 9. 

Figure 10 is a schematic diagram depicting the 
synthesis procedure described in Example 10. 

m^q C for carryi ng Out th e Invention 

The chromogenic 9-modif ied N-acetylneuramimc 
acid substrates of the invention and the methods 
employing them are useful for detecting human influenza 
neuraminidase activity in clinical samples or specimens 
and for determining the type of human influenza 
neuraminidase present in the sample. Accordingly, these 
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substrates and methods are useful for diagnosing 
influenza infection generally as well as the type of 
influenza infection present in the human patient from 
whom the clinical sample was collected. In this regard, 
5 the term "influenza" is intended to include influenza 
types A and B and parainfluenza types 1, 2,. and 3. The 
term "selectively detect" intends the ability to detect 
NA activity of one type of influenza virus as compared to 
the activity of other types of influenza virus. 
!0 The clinical samples that are tested in the 

invention will typically be pharyngeal, nasopharyngeal or 
respiratory secretions collected from patients suffering 
from influenza as wash, swab, or expectorate specimens. 
The wash, expectorate, or swab will preferably be 
15 combined with an aqueous buffer solution containing a 
stabilizer prior to mixing with the substrate. The 
buffer solution contains a buffer that maintains the pH 
at about 4 to 7, preferably 5.5 to 6.5, optionally about 
0.1% to 10% by weight nonionic detergent, a small amount 
20 (1-20 mM) of alkaline earth metal cation (Ca, Mg, 

preferably Ca) , and a sufficient amount of a stabilizer 
selected from the group consisting of polyhydric sugar 
alcohols, simple sugars, and disaccharide sugars to 
enhance the thermal stability of the NA in the sample. 
25 The volume of buffer solution combined with the specimen 
will normally be 0.1 to 2 ml. 

The buffer may be organic or inorganic. 
Examples of suitable buffers are conventional buffers of 
organic acids and salts thereof such as citrate buffers 
3 0 (e.g. monosodium citrate-disodium citrate mixture, citric 
acid-trisodium citrate mixture, citric acid-monosodium 
citrate mixture, etc.), acetate buffers (e.g., acetic 
acid-sodium acetate mixture), succinate buffers (e.g. 
succinic acid-monosodium succinate mixture, succinic 
3 5 acid-sodium hydroxide mixture, succinic acid-disodium 



-BNSDOCID: <WO 9110744A1_L> 



WO 91/10744 



PCT/US90/07679 



-9- 



succinate fixture, etc.), tartrate buffers ••••*££ 1B 
acid-tartrate fixture, tartaric acid-potassium tartrate 
mixture, tartaric acid-sodium hydroxide mixture etc.) 
fumarate buffers (e.g. fumaric acid-monosodium fumarate 
5 mixture, fumaric acid-disodium fumarate mixture, 

m onosodium fumaric acid-disodium fumarate mixture) , 
gluconate buffers (e.g. gluconic acid-sodium gluconate 
mixture, gluconic acid-sodium hydroxide mixture, gluconic 
acid-potassium gluconate mixture, etc.) oxalate buffers 
10 - (e .g. oxalic acid-sodium oxalate mixture, oxalic 
~~ acid-sodium hydroxide mixture, oxalic acid-potassium 

oxalate mixture, etc.), lactate buffers (e.g. lactic _ 
acid-sodium lactate mixture, lactic acid-sodium hydroxide 
mixture, lactic acid-potassium lactate mixture, etc.), 
15 acetate buffers (e.g. acetic acid-sodium acetate mixture, 
acetic acid-sodium hydroxide mixture, etc.), malate 
buffers (e.g., D,L-malic acid-disodium malate mixture) , 
phosphate buffers (e.g. monosodium phosphate-disodium 
phosphate mixture, monosodium phosphate -sodium hydroxide 
20 mixture, trisodium phosphate-hydrochloric acid mixture, 
etc ) 2-(N-morpholino)ethanesulfonic acid, 
t bis-'(2-hydroxyethyl)imino]tris(hydroxymethyl)methane, 

N-2-acetamidoiminodiacetic acid, 

1, 3-bis[tris (hydroxymethyl)methylamino]propane, piper- 
25 azine-N,N'-bis(2-ethanesulfonic acid), 

N-2-acetamido-2-aminoethanesulfonic acid, 3-(N-morpho- 
lino)-2-hydroxypropanesulfonic acid, N-N-bis-(2-hydroxy- 
»thyl) 2-aminoethanesulf onic acid, 

;.(N-morpholino)pro P anesulfonic acid, 2-[tris(hydroxy- 
30 methyl)methylamino]ethanesulfonic acid, 

N-2-hydroxyethylpipera Z ine-N'-2-ethanesulfonic acid, 
3- {[ tris-(hydroxymethyl)Bethyl]amino}-2-hydroxypro P ane- 

sulfonic acid. -.,4- *-ho 

Examples of non-ionic detergents useful m the 
35 buffer solution are the Pluronics, such as Polysorbate 20 
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and Polysorbate 80, Triton X-100, NP-40, and alkyl 
glucosides such as C g -C g alkyl glucoside. The detergent 
is an optional component and facilitates release of the 
NA from the viral envelope. 
5 Examples of the stabilizers that are used in 

the buffer solution are trihydric or higher sugar 
alcohols, such as glycerin, erythritol, arabitol, 
xylitol, sorbitol, mannitol, the simple sugars glucose 
and fructose and the disaccharride sucrose. These 
10 polyhydric sugar alcohols, and simple and disaccharride 
sugars can be used alone or in combination. In order to 
stabilize the activity of the neuraminidase-containing 
viruses, the polyhydric sugar alcohols or simple and 
disaccharride sugars are added to the liquid 
15 formulation/ excipient system in an amount from 0.2 M to 
2.1 M and preferably, 0.6 M to 2.0 M. 

Once mixed with the buffer solution, the sample 
may be stored for prolonged periods, preferably at 2°C to 
8°C without significant loss of NA activity. 
20 The substrate that is combined with the 

buffered, stabilized specimen is a chromogenic Neu5Ac 
derivative that is modified in the 9-position. These 
substrates may be represented by the following chemical 
formula: 




where R, X and Ac are as defined previously. Preferably 
35 X represents 4-methylumbellif eryl, 3-cyanoumbellif eryl, 
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2-nitrophenyl, 4-nitrophenyl, 3-resorufin, 
5-bromo-4-chloro-3-indolyl, nitrophenylazophenyl , nitro- 
phenylazoresorcinyl, 3-methoxyphenyl , 3- 
dimethylaminophenyl, 4-chloro-l-naphthyl, or 6-bromo-2- 
5 naphthyl. Simple salts of the substrate such as the Na, 
K, or NH. + salts, may also be used. 

As used herein the term "chromogen" is intended 
to include, without limitation, molecules that exhibit 
. fluorescence. The term "color" is likewise intended to 
10 include, without limitation, fluorescence. 

Examples of 9-modified chromogenic Nue5Ac 
derivatives falling within the above formula are 4- 
methylumbelliferyl-9-deoxy-N-acetylneuraminic acid- 
alpha-ketoside, 3-cyanoumbellif eryl-9-deoxy-N- 
15 acetylneuraminic acid-alpha-ketoside, 2-nitrophenyl-9- 
deoxy-N-acetylneuraminic acid-alpha-ketoside, 4- 
nitrophenyl-9-deoxy-N-acetylneuraminic acid-alpha- 
ketoside, 3-resorufin-9-deoxy-N-acetylneuraminic acid- 
alpha-ketoside, 5 -bromo-4-chloro-3-indolyl-9-deoxy-N- 
20 acetylneuraminic acid-alpha-ketoside, 2-[4-(4- 

nitrophenylazo) phenyl] -9-deoxy-N-acetylneuraminic acid- 

alpha-ketos ide , 2- [ 4 - ( 4 -nitropheny lazo) resorciny 1 ] -9- 
deoxy-N-acetylneuraminic acid-alpha-ketoside, 3- 
methoxyphenyl-9-deoxy-N-acetylneuraminic acid-alpha- 

25 ketoside, 3-dimethylaminophenyl-9-deoxy-N- 

acetylneuraminic acid-alpha-ketoside, 4-chloro-l- 
naphthyl-9-deoxy-N-acetyl-neuraminic acid-alpha- 
ketoside , 6-bromo-2-naphthyl-9-deoxy-N-acetylneuraminic 
acid-alpha-ketoside, 4-methylumbellif eryl-9-f luoro-N- 

30 acetylneuraminic acid-alpha-ketoside, 3- 

cyanoumbelliferyl-9-fluoro-N-acetylneuraminic acid-alpha- 
ketoside, 2 -nitrophenyl-9-fluoro-N-acetylneuraminic acid- 
alpha-ketoside , 4 -nitrophenyl-9-f luoro-N-acetylneuraminic 
acid-alpha-ketoside, 3-resoruf in-9-f luoro-N- 

35 acetylneuraminic acid-alpha-ketoside, 5-bromo-4-chloro- 
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3-indolyl-9-fluoro-N-acetylneuraminic acid-alpha- 
ketoside, 2- [4-(4-nitrophenylazo) phenyl] -9-f luoro-N- 
acetylneuraminic acid-alpha-ketoside, 2-[4-(4- 
nitrophenylazo) resorcinyl] -9-f luoro-N-acetylneuraminic 
5 acid-alpha-ketoside, 3-methoxyphenyl-9-f luoro-N- 
acetylneuraminic acid-alpha-ketoside, 3- 
dimethylaminophenyl-9-f luoro-N-acetylneuraminic acid- 
alpha-ketoside, 4-chloro-l-naphthyl-9-fluoro-N-acetyl- 
. neuraminic acid-alpha-ketoside, 6-bromo-2-naphthyl-9- 
LO f luoro-N-acetylneuraminic acid-alpha-ketoside, 4- 

methylumbelliferyl-9-azido-N-acetylneuraminic acid-alpha- 
ketoside, 2-nitrophenyl-9-azido-N-acetylneuraminic acid- 
alpha-ketoside , 4-nitrophenyl-9-azido-N-acetylneuraminic 
acid-alpha-ketoside , 3-cyanoumbellif eryl-9-azido-N- 
15 acetylneuraminic acid-alpha-ketoside, 3-resoruf in-9- 

azido-N-acetylneuraminic acid-alpha-ketoside, 5-bromo-4- 
chloro-3-indolyl-9-azido-N-acetylneuraminic acid-alpha- 
ketoside, 2-[4-(4-nitrophenylazo)phenyl]-9-azido-N- 
acetylneuraminic acid-alpha-ketoside, 2- [4- (4- 
20 nitrophenylazo) resorcinyl] -9-azido-N-acetylneuraminic 
acid-alpha-ketoside, 3-methoxyphenyl-9-azido-N- 
acetylneuraminic acid-alpha-ketoside, 3- 
dimethylaminophenyl-9-azido-N-acetylneuraminic acid- 
alpha-ketoside, 4-chloro-l-naphthyl-9-azido-N- 
25 acetylneuraminic acid-alpha-ketoside, 6-bromo-2-naphthyl- 
9-azido-N-acetylneuraminic acid-alpha-ketoside, 4- 
methylumbelliferyl-9-hydroxyimino-N-acetylneuraminic 
acid-alpha-ketoside , 3-cyanoumbellif eryl-9-hydroxy imino- 
N-acetylneuraminic acid-alpha-ketoside, 2-nitrophenyl-9- 
30 hydroxyimino-N-acetylneuraminic acid-alpha-ketoside, 4- 
nitrophenyl-9-hydroxyimino-N-acetylneuraminic acid- 
alpha-ketoside , 3-resoruf in-9 -hydroxy imino-N- 
acetylneuraminic acid-alpha-ketoside, 5-bromo-4-chloro- 
3-indolyl-9-hydroxyimino-N-acetylneuraminic acid-alpha- 
35 ketoside, 2-[4-(4-nitrophenylazo)phenyl]-9-hydroxyimino- 
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N-acetylneuraminic acid-alpha-ketoside, 2-[4-(4- 
nitrophenylazo) resorcinyl] -9-hydrpxyinino-N- 
acetylneuraminic acid-alpha-ketoside, 3-methoxyphenyl-9- 
hydroxyimino-N-acetylneuraminic acid-alpha-ketoside, 3- 
5 dimethylaminophenyl-9-hydroxyimino-N-acetylneuraminic 
acid-alpha-ketoside, 4-chloro-l-naphthyl-9-hydroxyimino- 
N-acetylneuraminic acid-alpha-ketoside, 6-bromo-2- 
naphthyl-9-hydroximino-N-acetylneuraminic acid-alpha- 
ketoside, 4-methylumbelliferyl-9-cyano-N- 
10 acetylneuraminic acid-alpha-ketoside, 3- 

cyanoumbelliferyl-9-cyano-N-acetylneuraminic acid-alpha- 
ketoside, 2-nitrophenyl-9-cyano-N-acetylneuraminic acid- 
alpha-ketoside, 4-nitrophenyl-9-cyano-N-acetylneuraminic 
acid-alpha-ketoside, 3-resoruf in-9-cyano-N- 
15 acetylneuraminic acid-alpha-ketoside, 5-bromo-4-chloro- 
3-indoly 1-9-cyano-N-acety lneuraminic acid-alpha-ketoside , 
2- [ 4- (4-nitrophenylazo) phenyl] -9 -cyano-N-acety lneuraminic 
acid-alpha-ketoside , 2- [ 4- ( 4 -nitrophenylazo) resorcinyl ] - 
9-cyano-N-acetylneuraminic acid-alpha-ketoside, 3- 
20 methoxyphenyl-9-cyano-N-acetylneuraminic acid-alpha- 
ketoside , 3-dimethylaminopheny 1-9-cyano-N- 
acetylneuraminic acid-alpha-ketoside, 4-chloro-l- 
naphthyl-9-cyano-N-acety lneuraminic acid-alpha-ketoside , 
and 6-bromo-2-naphthyl-9-cyano-N-acetylneuraminic acid- 

25 alpha-ketoside. 

The above-described Neu5Ac derivatives are 

generally made by protecting the functional groups of 
NeuSAc at the 1, 2, 4, 7 and 8 positions, modifying the 9 
position as indicated, deprotecting the other positions, 
30 and coupling the 9-modified NeuSAc with the chromogen. 

Details of these reactions are provided in the Examples, 
infra . 

The substrate will normally be added to the 
buffered, stabilized sample in amounts ranging between 
35 0.05 mM and 0.5 mM. The mixture is incubated at ambient 
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10 



15 



temperature to physiological temperature (i.e., about 
22 °C to 37 °C) for a time sufficient to permit any NA in 
the sample, to react with the substrate. That time will 
normally be in the range of 20 to 120 minutes, more usu- 
ally 30 to 60 minutes. If there is NA activity in the 
sample, the chromogenic group will be cleaved from the 
substrate and the liberated chromogen will impart a 
characteristic color to the mixture. Since the 
substrates of the invention may exhibit different 
reactivity to the different human influenza NAs, the 
specific type of influenza infection may be determined by 
comparing the color of the sample mixture with the color 
of standard reaction mixtures for each influenza NA type. 
For instance, influenza A may be distinguished from 
influenza B on the basis of substrate reactivity with the 
NAs of these influenza viruses. The following table 
indicates the color generated when NA reacts with a 
modified NeuSAc and releases the chromogen. 



2 0 Released 
Chromogen 



25 



5-bromo-4-chloro- 
3-indolol 



Type of 
Detection 

colorimetric/ 
visual 



Color 

blue/purple in the 
presence of 
nitroblue tetra- 
zolium 



30 



4 -methy lumbe 1 1 i- 
f erone 



f luorometric 



fluorescent 
emission at 450 
nm after exci- 
tation at 360 nm 



35 



3 - cy anoumbe 1 1 i - 
f erone 



f luorometric 



fluorescent 
emission at 454 
nm after exci- 
tation at 415 nm 



40 



resoruf in 
2-nitrophenol 



colorimetric/ 
visual 

colorimetric/ 
visual 



pink/ red 



yellow 
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4-nitrophenol 



nitrophenyl- 
5 azophenol 

nitrophenyl- 
azoresorcinol 

10 3-methoxyphenol 



15 



20 



color imetric/ 
visual 

colorimetric/ 
visual 

colorimetric/ 
visual 

colorimetric/ 
visual 



3-dimethylamino- colorimetric/ 
phenol - visual 



6 -br omo- 2 -naphtho 1 co 1 or imetr i c / 

visual 



25 4-chloro-l- 
naphthol 



colorimetric/ 
visual 



yellow 
orange 



green blue ++ 
(presence of Mg ) 

red to blue 
after reaction 
with diazonium 
salt 

red to blue 
after reaction 
with diazonium 
salt 

red to blue 
after reaction 
with diazonium 
salt 

red to blue 
after reaction 
with diazonium 
salt 



30 



35 



40 



Accordingly, the present invention provides a 
simple and rapid technique for selectively diagnosing 
influenza that may be carried out in the clinic or 
physician's office and enable the physician to prescribe 
the appropriate therapy to treat the infection and/ or the 
appropriate prophylactic treatment to persons in close 
contact with the infected patient. 

The invention is further illustrated by the fol- 
lowing examples. These examples are not intended to 
limit the invention in any manner. 
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Examoles 

1. Synthesis of 9 -Hydroxy imino Neu5Ac 

The synthesis scheme for this compound is depicted 
5 in Figure 1. 

N-acetylneuraminic acid is protected as the methyl 
ester methyl ketoside ( Neu 5 Ac -MEMK ) by treatment with 
methanol under Dowex SOW ion-exchange resin acid 
catalysis. Neu5Ac-MEMK is tosylated with tosyl 
10 chloride/pyridine (5°C for 2 hr) to give, selectively, 
the 9-tosyl compound. Displacement of the tosyl group 
with sodium iodide (40°C) affords the 9-iodo compound. 
Displacement of the terminal iodine is done with sodium 
nitrite in acetone (50°C) after which the 9-nitro 
15 compound is reduced with 2n and acetic acid (1 hr) . 
Standard base and acid deprotection give the final 
product, 9-hydroxyimino-N-acetylneuraminic acid 
(N-acetylneuraminic acid 9-oxime) . 

20 2 . Synthesis of Chromoqenic 9 -Hydroxy imino NeuSAc 

The synthesis scheme for this compound is shown in 
Figure 2. 

The 9-nitro NeuSAc intermediate of Example l is 
converted to its methyl ester as in Example 1 and then to 

25 its peracetate glycosyl chloride by treatment with excess 
acetyl chloride overnight. Coupling with o-nitrophenol 
is done in dimethylf ormamide (DMF) and is followed by 
standard base/ acid deprotection. Then the 9-nitro group 
is reduced via the Zn/ acetic acid method described above 

30 to yield the final product, 2- (2-nitrophenyl) -N-acetyl- 
neuraminic acid-9-oxime-alpha-ketoside (sodium salt) . 

3 . Synthesis of 9-Azido NeuSAc 

The synthesis scheme for this compound is shown in 
3 5 Figure 3. 
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Neu5Ac-MEMK is tosylated with tosyl 
chloride/pyridine (5°C for 2 hr) to give, selectively, 
the 9-tosyl compound. Displacement of the tosyl group 
with sodium azide in acetone (40 C) is followed by base 
5 (NaOH) and acid (dilute HC1, Dowex 50 H + ) deprotection to 
yield 9-azido-N-acetylneuraminic acid. 

4 . Synthesis of Chromoaenic 9-Azido NeuSAc 

The synthesis scheme for this compound is shown in 

10 rigure 4. 

Neu5Ac is converted to the corresponding methyl 
ester by stirring at room temperature (RT) with 
trif luoroacetic acid in methanol. The methyl ester is 
treated overnight with excess acetylchloride to form its 

15 glycosyl chloride peracetate. This intermediate is then 
coupled with o-nitrophenol by treatment with the sodium 
salt of o-nitrophenol in DMF at RT for 2 hr. 

Deprotection of the acetates is accomplished with 
methoxide ion. The 9-position is then selectively 

20 tosylated as before in Example 3. Displacement of the 
tosyl group with sodium azide (40°C) is followed by 
standard base deprotection to afford 2- (2-nitrophenyl) - 
9-azido-N-acetylneuraminic acid-alpha-ketoside (sodium 
salt) . 

25 



5. Synthesis of 9-Cyano Neu5Ac 

The synthesis scheme for this compound is shown in 
Figure 5. 

30 Neu5Ac-MEMK is tosylated with tosyl 

chloride/pyridine (5°C for 2 hr) to give selectively the 
9-tosyl compound. Displacement of the tosyl group with 
sodium cyanide in acetone (40°C) is followed by base and 
acid deprotection as in Example 3 to yield 

35 9-cyano-N-acetylneuraminic acid. 
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6. .g yr^sis of Chromoqenic 9-Cyano NeuSAc 

The synthesis' scheme for this compound is shown in 

Figure 6. 

5 The 9-cyano NeuSAc of Example 5 is converted to its 

corresponding glycosyl chloride peracetate as described 
in Example 4. Coupling with sodium cyanoumbel lifer one is 
done in DMF. Standard base deprotection yields 
2- ( 3-cyanoumbellif eryl) - 9-cyano-N-acetylneuraminic 

10 acid-alpha-ketoside (sodium salt) . 

7. Synthesis of 9-Deo xv Neu5Ac 

The synthesis scheme for this compound is shown in 

Figure 7. 

15 NeuSAc-MEMK is tosylated as in Example 5. Reduc- 

tion of the tosyl group with sodium borohydride in 
dimethylsulf oxide (4 hr) followed by base and acid 
deprotection as in Example 3 yields 9-deoxy-N-acetyl- 
neuraminic acid. 

20 

8. Synthesis of Chromoaenie 9-Deoxv NeuSAc 

The synthesis scheme for this compound is shown in 
Figure 8. 

The 9-deoxy NeuSAc of Example 7 is converted to 
25 its corresponding glycosyl chloride peracetate as 
described in Example 4. Coupling with sodium 
cyanoumbelliferone is done in DMF. Standard base 
deprotection yields 2- (3-cyanoumbellif eryl) - 
9-deoxy -N-acetylneuraminic acid-alpha-ketoside (sodium 

30 salt) . 

9. Synthesis of 9-Fluoro N eu5Ac 

The synthesis scheme for this compound is shown in 

Figure 9. 
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N-Acetylmannosamine methyl glycoside is treated 
with triphenylmethyl (trityl) chloride to form the 9- 
tritylated derivative. The remaining free alcohol groups 
are then acetylated with acetic anhydride in pyridine to 
form the per-acetate. The trityl group is selectively 
removed under catalytic hydrogenation conditions or with 
trimethylsilyl iodide (TMSI) . The freed primary OH group 
is then converted to the fluoride with DAST and 9-fluoro 
N-acetylmannosamine obtained after deprotection with 
me thoxide and mild acid treatment. Either the enzymatic 
catalyzed step (aldolase and pyruvate) or the chemical 
cornforth procedure (oxalacetic acid) effects conversion 
to 9-fluoro-N-acetyneuraminic acid. 

15 10 . g yr^hesis o f rhr-n m oaen.ir Q-Fluoro NeuSA.c 

The synthesis scheme for this compound is shown in 

Figure 10 . 

The 9-fluoro Neu5Ac is converted to its methyl 
ester by treatment in methanol with trif luoroacetic acid. 
Reaction with excess acetyl chloride acetylates the free 
alcoholic groups and effects conversion to the glycosyl 
chloride simultaneously. Treatment of the glycosyl 
chloride with the sodium salt of 6-bromo-naphthol in DMF 
affords the coupled chromogenic compound. Deprotection 
by treatment with sodium methoxide and sodium hydroxide 
affords the sodium salt of 6-bromo-2-naphthyl-9-f luoro 
Neu5Ac . 

Modifications of the above-described modes for 
carrying out the invention that are obvious to those of 
30 skill in the fields of chemistry, virology, biochemistry, 
organic chemistry, medical diagnostics, and related 
fields are intended to be within the scope of the 
following claims. 



20 



25 



BNSDOCIO: <WO 8U07MA1_I_> 



WO 91/10744 



PCT/US90/07679 



-20- 

Claims 

1. A method of detecting human influenza 
neuraminidase activity in a clinical sample suspected of 
5 having such activity comprising: 

(a) incubating the sample with a chromogenic 
modified N-acetylneuraminic acid substrate of the 
formula: 



15 




where Ac represents acetyl, R represents hydrogen, 
20 fluorine, hydroxyimino , azido or cyano, and X represents 
a chromogenic group that exhibits distinct color when 
cleaved from the substrate or a salt of said substrate; 
and 

(b) detecting neuraminidase activity by observing 
25 whether the sample-substrate mixture exhibits said color 
after step (a) . 

2. The method of claim 1 wherein the clinical 
sample is a pharyngeal, nasopharyngeal or respiratory 

3 0 secretion. 

3. The method of claim 1 or 2 wherein R represents 
hydrogen, and X is selected from the group consisting of 
4-methylumbellif eryl , 3-cyanoumbellif eryl , 2-nitrophenyl , 

35 4 -nitropheny 1 , 3 -r esoruf in , 5-br omo-4 -chloro-3 -indoly 1 , 
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4-nitrophenylazoresorcinyl, 4-nitrophenylazophenyl, 3- 
methoxyphenyl, 3-dimethylaminophenyl, 4-chloro-l- 
naphthyl, and 6-bromo-2-naphthyl. 

5 ' 4 . The method of claim 1 or 2 wherein R represents 

fluorine, and X is selected from the group consisting of 
4-methylumbelliferyl, 3-cyanoumbellif eryl , 2-nitrophenyl, 
4-nitrophenyl, 3-resorufin, 5-bromo-4-chloro-3-indolyl, 
4-nitrophenylazoresorcinyl, 4-nitrophenylazophenyl, 3- 
10 methoxyphenyl, 3-dimethylaminophenyl, 4-chloro-l- 
naphthyl, and 6-bromo-2-naphthyl. 

5. The method of claim 1 or 2 wherein R represents 
azido, and X is selected from the group consisting of 

15 4-methylumbelliferyl, 3-cyanoumbellif eryl, 2-nitrophenyl, 
4-nitrophenyl, 3-resorufin, 5-bromo-4-chloro-3-indolyl, 
4-nitrophenylazoresorcinyl, 4-nitrophenylazophenyl, 3- 
methoxyphenyl, 3-dimethylaminophenyl, 4-chloro-l- 
naphthyl, and 6-bromo-2-naphthyl. 

20 

6. The method of claim 1 or 2 wherein R represents 
cyano, and X is selected from the group consisting of 
4-methylumbelliferyl, 3-cyanoumbellif eryl, 2-nitrophenyl, 

4- nitrophenyl, 3-resorufin, 5-bromo-4-chloro-3-indolyl , 
25 4-nitrophenylazoresorcinyl, 4-nitrophenylazophenyl, 3- 

methoxyphenyl, 3-dimethylaminophenyl, 4-chloro-l- 
naphthyl, and 6-bromo-2-naphthyl. 

7. The method of claim 1 or 2 wherein R represents 
30 hydroxyimino, and X is selected from the group consisting 

of 4-methylumbelliferyl, 3-cyanoumbellif eryl, 
2-nitrophenyl, 4-nitrophenyl, 3-resorufin, 

5- bromo-4-chloro-3-indolyl , 4-nitrophenylazoresorcinyl , 
4-nitrophenylazophenyl, 3 -methoxyphenyl, 3- 
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dimethylaminophenyl , 4-chloro-l-naphthyl f and 6-bromo-2 
naphthyl. 

8. A method of selectively detecting a specific 
5 type of human influenza neuraminidase activity in a 
clinical sample suspected of having human influenza 
neuraminidase activity comprising: 

(a) incubating the sample with a chromogenic 
modified N-acetylneuraminic acid substrate of the 
10 formula: 



1 



15 




5 OH 3 



20 

where Ac represents acetyl, R represents hydrogen, 
fluorine, hydroxy imino , azido or cyano, and X represents 
a chromogenic group that exhibits distinct color when 
cleaved from the substrate or a salt of said substrate; 

25 (b) observing the color exhibited by the 

sample-substrate mixture after step (a) ; and 

(c) comparing said color to colors exhibited by 
activity standards of human influenza neuraminidase of 
said specific type and other types of human influenza 

3 0 neuraminidase on said substrate. 

9. The method of claim 8 wherein the specific type 
of human influenza neuraminidase activity is human 
influenza A neuraminidase activity or human influenza B 
35 neuraminidase activity. 
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10. The method of claim 8 where the specific type 
of human neuraminidase activity is human parainfluenza 1 
neuraminidase activity, human parainfluenza 2 

5 neuraminidase activity or human parainfluenza 3 
neuraminidase activity. 

11. The method of claim 8, 9 or 10 wherein the 
clinical sample is a pharyngeal, nasopharyngeal, or 

10 respiratory secretion. 

12. The method of claim 8, 9, 10 or 11 wherein R 
represents hydrogen, and X is selected from the group 
consisting of 4-methylumbellif eryl, 3-cyanoumbellif eryl, 

15 2-nitrophenyl, 4-nitrophenyl, 3-resorufin, 

5-bromo-4-chloro-3-indolyl , 4-nitrophenylazoresorcinyl , 
4-nitrophenylazophenyl, 3-methoxyphenyl, 3- 
dimethylaminophenyl, 4-chloro-l-naphthyl, and 6-bromo-2- 

naphthyl . 



20 



25 



13. The method of claim 8, 9, 10 or 11 wherein R 
represents fluorine, and X is selected from the group 
consisting of 4-methylumbellif eryl, 3-cyanoumbellif eryl, 
2-nitrophenyl, 4-nitrophenyl, 3-resorufin, 
5-bromo-4-chloro-3-indolyl , 4-nitrophenylazoresorcinyl , 

4- nitrophenylazophenyl, 3-methoxyphenyl, 3- 
dimethylaminophenyl, 4-chloro-l-naphthyl, and 6-bromo-2- 
naphthyl . 

14. The method of claim 8, 9, 10 or 11 wherein R 
represents azido, and X is selected from the group 
consisting of 4-methylumbellif eryl, 3-cyanoumbellif eryl, 
2-nitrophenyl, 4-nitrophenyl, 3-resorufin, 

5- bromo^4-chloro-3-indolyl, 4-nitrophenylazoresorcinyl, 
35 4-nitrophenylazophenyl, 3-methoxyphenyl, 3- 



30 
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dimethylaminophenyl , 4-chloro-l-naphthyl, and 6-bromo-2- 
naphthyl . 

15. The method of claim 8, 9, 10 or 11 wherein R 
5 represents cyano, and X is selected from the group 

consisting of 4-methylumbellif eryl, 3-cyanoumbelliferyl, 
2 -nitropheny 1 , 4 -nitropheny 1 , 3 -r esoruf in , 
5-bromo-4-chloro-3-indolyl , 4 -nitropheny lazoresorcinyl , 

4 - nitropheny lazophenyl , 3-methoxyphenyl , 3- 

10 dimethylaminophenyl, 4 -chloro-1 -naphthyl, and 6-bromo-2- 
naphthyl. 

16. The method of claim 8, 9, 10 or 11 wherein R 
represents hydroxy imino , and X is selected from the group 

15 consisting of 4-methylumbellif eryl, 3-cyanoumbelliferyl, 
2-nitrophenyl, 4-nitrophenyl, 3-resorufin, 

5- bromo-4-chloro-3-indolyl, 4-nitrophenylazoresorcinyl, 
4 -nitropheny lazophenyl , 3-methoxyphenyl , 3- 

dimethy laminopheny 1 , 4-chloro-l-naphthyl, and 6-bromo-2- 
2 0 naphthyl. 

17. A chromogenic substrate useful for detecting 
human influenza neuraminidase activity in a clinical 
sample suspected of having such activity, said substrate 

25 having the formula: 

I 



30 
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where Ac represents acetyl, R represents fluorine, 
hydroxyzine, azido or cyano, and X is a chromogenic 
group that exhibits a distinct color when cleaved from 
the substrate and salts of said substrate. 

18 The chromogenic substrate of claim 17 wherein 
r represents fluorine, and X is selected from the group 
consisting of 4-methylumbellif eryl, 3-cyanoumbelliferyl, 
2-nitrophenyl, 4-nitrophenyl, 3-resorufin, 
10 ' 5-bromo-4-chloro-3-indolyl, 4-nitrophenylazoresorcinyl, 

4- nitrophenylazophenyl, 3-methoxyphenyl, 3- 
dimethylaminophenyl, 4-chloro-l-naphthyl, and 6-bromo-2- 

naphthyl . 

15 19. The chromogenic substrate of claim 17 wherein 

R represents azido, and X is selected from the group 
consisting of 4-methylumbellif eryl, 3-cyanoumbelliferyl, 
2-nitrophenyl, 4-nitrophenyl, 3-resorufin, 

5- bromo-4-chloro-3-indolyl, 4-nitrophenylazoresorcmyl, 
20 4-nitrophenylazophenyl, 3-methoxyphenyl, 3- 

dimethylaminophenyl, 4-chloro-l-naphthyl, and 6-bromo-2- 

naphthyl . 

20. The chromogenic substrate of claim 17 wherein 
25 R represents cyano, and X is selected from the group 

consisting of 4-methylumbellif eryl, 3-cyanoumbelliferyl, 
2-nitrophenyl, 4-nitrophenyl, 3-resorufin, 
5-bromo-4-chloro-3-indolyl, 4-nitrophenylazoresorcmyl, 
4-nitrophenylazophenyl, 3-methoxyphenyl, 3- 
30 dimethylaminophenyl, 4-chloro-l-naphthyl, and 6-bromo-2- 

naphthyl . 

21. The chromogenic substrate of claim 17 wherein 
R represents hydroxy imino , and X is selected from the 

35 group consisting of 4-methylumbelliferyl, 
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3-cyanoumbelliferyl, 2-nitrophenyl, 4-nitrophenyl, 

3 - resoruf in , 5-bromo-4-chloro-3 -indoly 1 , 

4- nitrophenylazoresorcinyl, 4-nitrophenylazophenyl, 3- 
methoxyphenyl, 3-dimethylaminophenyl, 4-chloro-l- 

5 naphthyl, and 6-bromo-2 -naphthyl. 

22. A chromogenic substrate useful for detecting 
human influenza neuraminidase activity in a clinical 
sample suspected of having such activity, said substrate 
10 having the formula: 



15 




20 

where Ac represents acetyl, R represents hydrogen, and X 
is selected from the group consisting of 
3-cyanoumbelliferyl, 2-nitrophenyl, 4-nitrophenyl, 
3-resoruf in, 5-bromo-4-chloro-3-indolyl , 
25 4-nitrophenylazoresorcinyl, 4-nitrophenylazophenyl, 3- 
methoxypheny 1 , 3 -dimethy laminopheny 1 , 4 -chloro-1- 
naphthyl, and 6-bromo-2-naphthyl. 

23. A modified N-acetylneuraminic acid having the 
30 formula: 



35 
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